The efficacy of forced air warming with a surgical access blanket in preventing a decrease in core temperature during anaesthesia and post-anaesthesia shivering (PAS) was compared with two widely used interventions comprising forced air warming combined with an upper body blanket, and a circulating water mattress, in a prospective, randomized double-blind study. A total of 90 patients undergoing total abdominal hysterectomy were studied, 30 in each group. Core temperature was measured 15, 30, 45, 60, 90 and 120 min after induction of anaesthesia. PAS was evaluated every 5 min after emergence from anaesthesia over a period of 1 h. Core temperature fell in all three groups compared with the baseline, but forced air warming using a surgical access blanket was more effective than the other warming methods in ameliorating the temperature decrease. The surgical access blanket was also superior to the circulating water mattress in reducing PAS.
Introduction
Core hypothermia is common during anaesthesia and is associated with both benefits and complications. Hypothermia has a significant effect on preventing tissue ischaemia and hypoxaemia of organs, 1 -4 and deep hypothermia has been used for protecting the brain during cardiopulmonary bypass. 5, 6 Conversely, hypothermia may be associated with complications such as coagulopathy, wound infection, decreased immunity and increased oxygen consumption resulting from postanaesthesia shivering (PAS). 7 -9 Several pharmacological and mechanical methods have been used in an attempt to maintain normothermia in the operating room and to prevent PAS. The efficacy of warming devices depends on heat transfer per unit area and the total surface area used for warming, and so they may be ineffective in preventing a peri-operative decrease in core temperature and PAS when used for a procedure in which the total body surface area used for warming is limited.
To our knowledge there have been no reports directly comparing the surgical access blanket with other conventional warming devices. We, therefore, evaluated the efficacy in preventing a decrease in core CH Ihn, JD Joo, HS Chung et al. Warming devices to prevent hypothermia and PAS temperature during anaesthesia and PAS of forced air warming with a surgical access blanket specifically designed for exploratory laparotomy (the surgical access blanket covers the whole body with the exception of the surgical area). This blanket was compared with two widely used interventions -forced air warming combined with an upper body blanket, and a circulating water mattress -in a prospective, randomized double-blind study.
Patients and methods

PATIENTS
Patients with American Society of Anesthesiologists (ASA) status I or II undergoing total abdominal hysterectomy were randomly assigned to three groups: forced air warming using a surgical access blanket (group 1), forced air warming using an upper body blanket (group 2), or warming by a circulating water mattress (group 3). Patients with pre-operative fever, thyroid disease, seizure disorders, peripheral vascular disease (e.g. Raynaud's syndrome), those who required a blood transfusion and those taking β-receptor blockers or α 2receptor agonists were excluded from the study.
The study was approved by the medical device institutional review board of The Catholic University of Korea and written informed consents were obtained from all the study participants.
ANAESTHESIA AND WARMING PROCEDURES
Pre-operative medication was not used. Anaesthesia was induced with 2.0 mg/kg propofol and 0.6 mg/kg rocuronium. Patients were covered with two cotton surgical drapes and were not actively heated before anaesthetic induction.
After tracheal intubation, anaesthesia was maintained with 1. , Cincinnati, OH, USA) was used in group 3. The blankets were not applied to each patient until after induction of anaesthesia in groups 1 and 2. The circulating water mattress was placed under the patients before lying on the operating table in group 3 but not heated until after induction of anaesthesia. In group 1, the blanket was secured with tape around the surgical margin, thus covering the whole body except for the surgical area of the abdomen. In group 2, the blanket was attached with tape at the level of the lower margin of the breasts, thus covering the anterior chest, upper extremities, head and neck. In groups 1 and 2, the blower was set on high (43°C). In group 3, at induction of anaesthesia the circulating water mattress was set to the maximum temperature (41°C). During the peri-operative period, the ambient temperature was maintained at 21 -22°C in the operating room and 25 -26°C in the recovery room. Lactated Ringer's CH Ihn, JD Joo, HS Chung et al. Warming devices to prevent hypothermia and PAS solution that had been stored at 37°C was infused intra-operatively at a rate sufficient to prevent hypotension.
All patients were covered with two cotton blankets and supplied with oxygen (5 l/min) via a face mask in the recovery room. Postoperative pain was controlled by a continuous infusion of 100 ml saline containing 12 µg/kg fentanyl and 3 mg/kg ketorolac at a rate of 2 ml/h for 2 days, with a bolus dose of 2 µg/kg fentanyl and 0.5 mg/kg ketorolac.
ASSESSMENT OF HYPOTHERMIA AND SHIVERING
Before induction, core temperatures were recorded from the tympanic membrane. In addition to the tympanic membrane, distal oesophageal and rectal temperatures were measured 15, 30, 45, 60, 90 and 120 min after the induction of anaesthesia; the highest of the measured temperatures at each time-point was regarded as the core temperature.
Post-operative shivering was evaluated every 5 min after emergence from anaesthesia over a period of 1 h by an anaesthetist who was unaware of the study; it was graded according to the fivepoint classification scale of Singh et al. 10 ( Table 1) .
STATISTICAL ANALYSIS
Temperature values over time within groups were compared with baseline values by analysis of variance with repeated measures using SPSS ® version 10.0 (SPSS Inc., Chicago, IL, USA). Differences between the three groups were analysed by one-way analysis of variance. The incidence and intensity of shivering were analysed using the χ 2 test. Data were expressed as means ± SD. A Pvalue < 0.05 was considered to be statistically significant.
Results
Ninety patients undergoing total abdominal hysterectomy were included in the study; 30 patients were allocated to each of the three groups. Demographic data for the patients are given in Table 2 . There were no statistically significant differences between the three groups with respect to age, weight, height, duration of anaesthesia, temperature of the operating and recovery rooms, baseline core temperature or the volume of infused fluids. No patients were excluded from the analysis as a result of requiring a blood transfusion.
The changes in core temperature in each group are given in Fig. 1 . In all three groups the core temperature decreased significantly from baseline, and it was significantly lower in group 3 than in the other two groups 30, 45, 60, 90 and 120 min after induction of anaesthesia (P < 0.05). The core temperature 60, 90 and 120 min after the induction of anaesthesia in group 1 decreased significantly less than in group 2 (P < 0.05), but there were no significant differences in core temperature 15, 30 and 45 min after induction of anaesthesia between groups 1 and 2 .
The overall incidence of PAS was significantly lower in groups 1 and 2 compared with group 3 (16.7%, 20.0% and 46.7%, respectively; P < 0.05; Fig. 2 ). The intensity of PAS was also significantly less in groups 1 and 2 than group 3 ( Fig. 3 ). Grade 1 PAS was observed in 6.7% (two patients), 3.3% (one patient) and 3.3% (one patient), and grade 2 PAS in 10.0% (three patients), 16 .7% (five patients) and 16 .7% (five patients) of patients in groups 1, 2 and 3, respectively. No patients in groups 1 or 2 reached grade 3 or 4 PAS, whereas 20.0% (six patients) had grade 3 shivering and two patients (6.7%) had grade 4 shivering in group 3. There was no significant difference between groups 1 and 2 with regard to the incidence and intensity of PAS.
Discussion
Core temperature in the human body is maintained at approximately 37°C by the thermoregulatory system, however this system is inhibited during anaesthesia in proportion to the anaesthesia achieved. As a result, the vasoconstriction threshold is decreased by 2 -4°C from normal. In such circumstances, exposure to the ambient Core temperature usually decreases 0.5 -1.5°C during the first hour after induction of general anaesthesia as a result of heat loss due to the vasodilating effects of anaesthetics and heat redistribution within the body. 11, 12 Heat redistribution is a primary factor contributing to core hypothermia. The only available method of inhibiting the redistribution of heat is to decrease the temperature gradient between the peripheral and core thermal regions. To do this, active warming of the body is needed intraoperatively: post-operative attempts to recover normal core temperature are impeded by limited heat transfer between the two thermal regions due to thermoregulatory vasoconstriction following cessation of anaesthesia. 13 -15 A variety of warming devices have been evaluated. 16 Since the forced air warming system is inexpensive and safe, it is used widely and routinely. Although forced air warming transfers a relatively low quantity of heat per unit area, it can be effective if a large body surface area is available for warming. However, in some operations, such as exploratory laparotomy, in which a large area of the body is exposed to a cold ambient temperature and is unable to be heated, perioperative hypothermia may occur in spite of active surface warming. Various commercial blankets that can be used with a forced air warming system have been produced to provide a suitable fit around the surgical Table 1 ). PAS was significantly less intense in groups 1 and 2 than in group 3 (P < 0.05) and there was no significant difference in PAS intensity between groups 1 and 2 area. The upper body blanket, which covers the head, upper extremities and part of the upper chest, is generally used intraoperatively to heat patients undergoing abdominal surgery. With this blanket the patient's trunk and lower extremities are uncovered and are, therefore, not actively warmed. It may be helpful for maintaining normothermia during anaesthesia to heat the rest of the trunk and lower extremities not involved in the surgical area, since heat loss occurs mainly from the extremities after induction of anaesthesia. 17 In the present study, the warming efficacy of a forced air warming system with a surgical access blanket was compared with the same system but having an upper body blanket, and with a circulating warming mattress in patients undergoing abdominal surgery. The surgical access blanket is designed to be used for many types of operations including laminectomies, spinal and abdominal procedures, and transplantations. It covers the whole body with the exception of the surgical area and offers an access window, allowing plenty of room for the surgeon to work.
The results of the present study showed that each group had hypothermia after induction of anaesthesia compared with the baseline temperature, despite active warming, which can be attributed to redistribution hypothermia. During the first hour after induction, which is sometimes referred to as the redistribution phase, active skin warming does not effectively maintain core temperature because the internal redistribution of body heat contributes 81% to the decrease, with the net exchange of heat to the environment playing a minor role. 18 Nonetheless, there were significant differences in core temperature between patients in the circulating water mattress group and the two other groups 30, 45 and 60 min after the induction of anaesthesia. This suggests that active warming using forced air warming is superior to the circulating water mattress for compensating for redistribution hypothermia in this time period. To reduce the incidence and degree of redistribution hypothermia during the first hour of anaesthesia, active pre-warming for at least 30 min before the induction of anaesthesia is recommended. 19, 20 Two or three hours of a slower, linear decrease in core temperature follows the redistribution phase. During this second phase, known as the linear phase, heat loss exceeds metabolic heat production. 18 In this period, the decrease in core temperature that can be prevented is in proportion to the capability of the warming device. It is relatively difficult, however, to transfer heat sufficiently to compensate for heat loss and to maintain the core temperature during the linear phase, since a large proportion of the heat loss occurs from the operating area as well as the body surface during exploratory laparotomy. 21 The present study demonstrated that forced air warming using a surgical access blanket is more effective in preventing the core temperature from decreasing further during the second hour of anaesthesia than the other warming devices studied. This is likely to be because it was associated with the largest body surface area available for warming among the three groups.
The occurrence of PAS is a relatively frequent complication of anaesthesia and is very uncomfortable for the patient. 11 Its incidence varies between 5% and 65%, 22, 23 and moderate or severe shivering has been reported to occur in up to 11.6% of patients undergoing surgical procedures. 24 In the present study, the overall incidence of PAS was consistent with previously reported results. Predictably, PAS in the group warmed by forced air warming using a surgical access blanket occurred less frequently and was less intense compared with the group warmed by a circulating water mattress, but there was no significant difference in efficacy between the surgical access blanket and the upper body blanket in decreasing PAS. This latter result may be because PAS can occur as a consequence of many factors including uninhibited spinal reflexes, decreased sympathetic activity, pyrogen release, adrenal suppression and respiratory alkalosis. 25, 26 It can also occur as a non-thermoregulatory response to inadequate pain control, although most PAS is a normal physiological response to core hypothermia. 27 One limitation of the present study was that these other factors thought to contribute to the development of PAS were not assessed.
Post-operative shivering may occasionally be associated with deleterious complications, such as an increase in intracranial and intraocular pressures or impedance of intraoperative monitoring. It is a potential risk in patients with compromised heart function since it increases cardiac output and oxygen consumption. 23 A combination of several prophylactic measures, including other heating devices or medications, may be necessary for the complete prevention of PAS.
In summary, forced air warming using a surgical access blanket prevented the core temperature from decreasing more effectively than other warming interventions during the linear phase of anaesthesia in patients undergoing abdominal hysterectomy. The incidence and intensity of PAS was decreased with the surgical access blanket compared with the circulating water mattress, but there was no statistical difference in PAS between the surgical access blanket and the upper body blanket. The surgical access blanket may have advantages over other warming devices when used with forced air warming, by preventing a decrease in core temperature during the linear phase of anaesthesia when the available area for heating is limited and considerable heat loss from the surgical area is expected.
